1. OELs should be applied by individuals welltrained and experienced in occupational health. 2. OELs cannot be applied in cases where exposure duration or work intensity exceeds the prerequisite conditions for setting an OEL. 3. OELs are set based on various information obtained from experiences in industries and experiments on humans and animals. However, the quantity and quality of information used in setting OELs is not always the same. 4. Types of health effects considered in setting OELs depend on the substances involved; an explicit health impairment provides the basis for OELs in certain substances, while health effects such as discomfort, irritation or CNS suppressive effects afford the basis in others. Thus, OELs cannot be used simply as a relative scale of toxicity. 5. Due to the variance in individual susceptibilities, discomfort, deterioration of pre-existing ill health or occupational disease may be induced at levels of exposure below the OELs, even though the chances of this should be remote. 6. Because OELs do not represent a definitive borderline between safe and hazardous conditions, it is not correct to conclude that working environments above OEL are the direct and sole cause of health impairment in workers, or vice versa. 7. OELs cannot be applied as reference values in non-occupational environments. 8. OELs will be revised when JSOH considers it necessary. 9. JSOH welcomes the submission, by concerned parties or individuals, of opinions based on scientific aspects of OELs. 10. In the reproduction of any Tables and/or Figures of OELs, JSOH requires that the full text of OELs be quoted to prevent misunderstanding and misuse.
I. Occupational Exposure Limits for Chemical Substances

Definitions
Exposure concentration is defined as the concentration of a chemical substance in air which will be inhaled by a worker during a job without the use of protective respiratory equipment.
Occupational Exposure Limit-Mean (OEL-M) for mean concentration of a chemical substance is defined as the reference value to the mean exposure concentration at or below which adverse health effects caused by the substance do not appear in most workers working for 8 hours a day, 40 hours a week under a moderate workload. Exposure above OEL-M should be avoided even where duration is short or work intensity is light. If mean levels and duration of exposure corresponding to segments of various jobs can be measured or estimated, then an overall exposure concentration can be determined as the time-weighted average concentration.
Occupational Exposure Limit-Ceiling (OEL-C) of occupational exposure to a chemical substance is defined as the reference value to the maximal exposure concentration of the substance during a working day at or below which adverse health effects do not appear in most workers. The main reason why OEL-C is recommended for some substances is that the toxicity in question can induce immediate adverse effects such as irritation or CNS suppressive effects. However, it is quite difficult in practice to measure the momentary maximal exposure concentration. Short-term measurement lasting for 5 minutes or less at the time when the highest exposure concentration is expected may be used as a substitute for the measurement of maximal exposure concentration.
Variability of exposure concentration
Exposure concentration fluctuates around the mean value. OEL-M should be referred to only when the fluctuation is not large. Allowable range of fluctuation depends on the substance. In practical terms, the mean exposure concentration for a period of 15 minutes during which maximum exposure concentration is expected should not exceed 1.5 times OEL-M, unless otherwise notified.
Skin absorption
"S" marks in Tables I-1 and I-2 show that a significant dose from the view of systemic health effects or absorption of the substance concerned may be absorbed through the skin when the substance is in contact with the skin. OELs are set at conditions under which no skin absorption will take place.
Interaction with other working conditions
Other working conditions, such as work intensity, heat stress and abnormal atmospheric pressure, must be considered, since their co-existence could cause an increase in the inhaled dose of a chemical substance, thereby intensifying its effects on workers' health.
OEL for exposure to mixture of chemical substances
OEL-M values listed in Table I -1 and I-2 are applicable in cases where the substance exists alone. When workers are exposed to a mixture of chemical substances and there is no reliable evidence to the contrary that the effects of the chemicals are assumed to be additive, the effects should be assumed as additive. The users should refer not to each OEL-M value, but rather to the following equation: , in which the values are rounded off with 2 significant digits. 2. ( ) in the year of proposal column indicates that revision was done in the year without change of the OEL value. 3. *: Occupational Exposure Limit-Ceiling; exposure concentration must be kept below this level. **: Fibers longer than 5 µm and with an aspect ratio equal to or greater than 3:1 as determined by the membrane filter method at 400 × magnification phase contrast illumination. ψ : Substance whose OEL is set based on non-caninogenic health effects; see III. a : Exposure concentration should be kept below a detectable limit though OEL is set at 2.5 ppm provisionally. b : OEL for gasoline is 300 mg/m 3 , and an average molecular weight is assumed to be 72.5 for conversion to ppm unit. Asbestos***, Wood dust (Table III-2) 1. *: Respirable crystalline silica and respirable dust consist of particles captured by the following collection efficiency, R (dae).
dae: aerodynamic diameter of particle (µm), F (x): cumulative distribution function of the standardized normal variable
2. **: Total dust comprises particles with a flow speed of 50 to 80 cm/sec at the entry of a particle sampler. 3. ***: Fibers longer than 5 µm and with an aspect ratio equal to or greater than 3:1 as determined by the membrane filter method at 400 × magnification (4 mm objective) phase contrast illumination. 4. ‡ : Do not include asbestos nor ≥1% crystalline sillica. 5.
ψ : Substance whose OEL is set based on non-caninogenic health effects; see III.
II. Occupational Exposure Limits Based on Biological Monitoring
Definition
Biological monitoring in the occupational setting consists of (1) measuring the concentration of a chemical substance or its metabolite(s) in biological specimens, and/or (2) determining early health effects by using biological specimens which are predictors or warning signs of the occurrence of adverse health effects.
Occupational Exposure Limit Based on Biological Monitoring (OEL-B) are defined as the reference values to the data obtained by biological monitoring at or below (depending on agents, above) which the adverse health effects do not appear in most workers who are exposed to the chemical substances.
Characteristics of OEL-B
(1) In setting OEL-B, consideration is given to the exposure-effect and/or exposure-response relationships between biological monitoring values and health effects, or to the relationship between biological monitoring values and OEL-Ms.
(2) There is a possibility that exposure concentration of chemical substances in the workplace will not closely associate with biological monitoring values due to various factors, e.g., intra-and inter-individual variation in metabolism, social habits such as smoking and alcohol consumption, working conditions, working time, skin absorption, use of personal protective equipment, and possible exposure to the substances outside the workplace. Biological monitoring values could exceed OEL-B even though exposure to the chemical substances is below OEL-M, and vice versa. Both OEL-M and OEL-B must be satisfied at the workplace.
(3) Biological specimens should be collected at the time that is most likely to represent the particular exposure to the substances concerned, or at the time most likely to predict occurrence of the particular adverse health effects. Only biological monitoring values measured under this condition can be referred to OEL-B.
(4) OEL-B is applied to cases of single-substance absorption. For exposure to a mixture of substances, interactions in terms of absorption, metabolism, accumulation, excretion and health effects must also be considered. 
III. Occupational Carcinogens
JSOH classifies the occupational carcinogens based primarily on the epidemiological evidences*, but the results of the animal experiments and their extrapolation to human are also considered. The classification is made by strength of the evidence, but does not reflect the carcinogenic potency.
JSOH considers that the classification of occupational carcinogens proposed by the International Agency for Research on Cancer (IARC) is appropriate in principle. JSOH also discussed the classification of several chemical substances based on other information sources and finalized the list of occupational carcinogens in Table III-1. Group 1 includes the substances which are carcinogenic to humans. Group 2 indicates the substances which are probably or possibly carcinogenic to humans, classifying them into two sub-groups on the basis of degree of evidence: Group 2A is assigned to the substances with more sufficient evidence (probably carcinogenic to humans), Group 2B to those with less (possibly carcinogenic to humans).
Only when scientifically reasonable information is available, JSOH will estimate a reference value corresponding to an individual excess lifetime risk of cancer due to exposure to a Group I carcinogen, and show it in Table III-2. JSOH does not recommend either the reference value as a safety exposure level or the individual excess lifetime risk as an acceptable risk level. The reference value should be applied only by experts well-trained and well-experienced in occupational health to avoid or minimize the risk of occupational cancer.
The occupational carcinogens may have OEL in Table I -1. These values must be used with caution. Some substances had epidemiological or experimental evidences that carcinogenicity was observed only at significantly higher concentrations than those for noncarcinogenic health effects, but the others did not. For the latter case, the substance is indicated as ψ in Table I and dose-rate effectiveness factor (DDREF) of 1 is being adopted primarily, and REID levels with DDREF of 2 are also calculated for comparison.
The reference values here are being calculated based on exposure-response relationship of low LET radiation, indicating that the values should not be applied in the case that internal exposure is considered. 
IV. Occupational Sensitizers
experiments.
Recommendation of occupational exposure limits for the occupational sensitizers does not necessarily consider either prevention of sensitization or allergic reaction. Any substance which is not included in the list does not indicate that the substance is not a sensitizer.
This table is the list of occupational sensitizers to the airway and skin (Tab1e IV). The sensitizers are classified into Group 1 substances which induce allergic reactions in humans, Group 2 substances which probably induce allergic reactions in humans, and Group 3 substances which are considered possibly to induce allergic reactions in humans based on animal Table IV 
V. Reproductive Toxicants (Provisional)
and fertility/insemination in men are within the scope of the definition. Substances that have adverse effects on reproductive organs are also included within the classification criteria if it is suspected that the reproductive functions referred to above are affected. In the case of offspring, reproductive toxicity is defined as the effects on the development of the embryo/fetus including teratogenic insults by prenatal exposure to the substance and/or the effects on the infant by postnatal exposure via lactation due to transfer in breast milk. If effects on post-weaning growth, behavior, function, sexual maturation, carcinogenesis, accelerated aging, and other processes are clearly demonstrated in the offspring as a result of parental exposure, then such effects are considered as reproductive toxicity.
Classification and judgment criteria 1) C l a s s i f i c a t i o n o f r e p r o d u c t i v e t o x i c a n t s :
Reproductive toxicants shall be classified in Group 1, Group 2, or Group 3, defined as follows.
The Japan Society for Occupational Health (JSOH) classifies reproductive toxicants on the basis of evidence of reproductive toxicity obtained from epidemiological studies and other studies in humans, as well as those from experimental studies in animals. The classification is made by strength of the evidence for adverse effects on reproduction in humans, but does not reflect the potency of such adverse effects. Namely, the classification does not necessarily indicate that exposures to the classified substances at the present Occupational Exposure Limit (OEL-M) levels induce adverse effects on reproduction. The definition of reproductive toxicity and the classification criteria for judgment are as follows.
Definition of reproductive toxicity
Reproductive toxicity includes adverse effects on reproductive functions in males and females, as well as on the offspring. Effects on functions such as fertility, pregnancy, delivery, and lactation in women, Not all substances that may exert reproductive toxicity are identified. # : Precaution should be given for lower exposure than OEL-M or OEL-B. As for reproductive toxicity, it is generally known that there is a sensitive period, during pregnancy for example, and such effects of this substance have been identified.
reproductive toxicity in humans. When judgment is made from the results of animal experiments, it is required that the observed effects should not be the consequences of secondary non-specific effects of other general toxicities, and that the identified mechanism of action be non-species-specific and therefore relevant for extrapolation to humans. In addition, if the observed changes are small and exert only non-significant effects on the life or function of the subject, then such changes are considered as not satisfying the requirement. Group 3: Substances for which limited evidence has been demonstrated shall be classified. Substances are allocated into this group when reproductive toxicities are suspected from reports in humans or from animal experiments. If information for reproductive toxicity is obtained from epidemiological studies, other human studies, and/or animal experiments, but such evidence is not considered to be sufficient for allocating the substance to Group 1 or Group 2, then classification in Group 3 should be considered. Table V . lists the substances classified in each reproductive toxicant group according to the judgment criteria referred to above. The judgment is made for substances for which OEL value is recommended by JSOH based on information described in the documentation for Recommendation of Occupational E x p o s u r e L i m i t s b y J S O H a n d o t h e r r e l eva n t information; it does not mean that substances not included in the table do not meet the classification criteria of reproductive toxicity. There may be some substances for which reproductive toxicity might be observed below the level of OEL-M or OEL-B; in such cases, precautionary notice is given by adding a symbol mark " # " to substances in Table V-1.
Classified reproductive toxicants
Group 1: Substances known to cause reproductive toxicity in humans. Group 2: Substances presumed to cause reproductive toxicity in humans. Group 3: Substances suspected to cause reproductive toxicity in humans. 2) J u d g m e n t c r i t e r i a f o r t h e c l a s s i fi c a t i o n o f reproductive toxicity: Group 1: Substances for which sufficient evidence in humans has been obtained from epidemiological studies and other human studies shall be classified.
Sufficient evidence that demonstrates reproductive toxicity in humans is required, where sufficient means two or more reports of epidemiological studies conducted in an appropriate manner. A single epidemiological study can be used as the evidence for classification to this group if any of the following conditions are satisfied: a) the study takes into consideration both dose-response relationships and such as co-exposure to other substances, or potential confounding factors in an appropriate manner; b) the study is supported by many non-epidemiological study reports on, for example, clinical cases or accidental exposures, indicating reproductive toxicity and it can therefore be decided overall that there is sufficient evidence of toxicity in humans. Animal experimental data are considered as supportive information. Group 2: Substances for which sufficient evidence demonstrating reproductive toxicity has been obtained in appropriate animal experiments, and thus presumed to cause reproductive toxicity in humans, shall be classified.
Judgment shall be made on the basis of animal experiments, namely, evidence showing obvious adverse effects on reproduction in animals, identified by appropriately conducted animal experimental studies, and thus reasonably indicating that the substance causes 
VI. Occupational Exposure Limits for Continuous or Intermittent Noise
Occupational exposure limits (OELs) for continuous or intermittent noise exposure are recommended as follows to protect against noise-induced hearing loss.
OELs for continuous or intermittent noise
Values in Fig. VI-1 or Table VI-1 show OELs, at or below which noise-induced permanent threshold shift (NIPTS) is expected to be below 10 dB at or below a frequency of 1 kHz, below 15 dB at 2 kHz, and below 20 dB at or more than 3 kHz after more than 10 years of continuous or intermittent noise exposure for 8 hours a day in most workers.
Applicable noise
OELs can be applied to wide-and narrow-band noise with band width below 1/3 octave. OELs are temporarily applicable to pure tones regarded as narrowband noise. Impulsive or impact noise is excluded from the application (see Section VII).
Application method
(1) In the case of continuous noise exposure throughout the work-time, OELs corresponding to the exposure duration should be taken from Fig. VI-1 or Table VI-1. (2) In the case of intermittent noise exposure, an equivalent exposure duration is considered to be the sum of exposure duration throughout the work-time minus an
VII-i. Occupational Exposure Limits for Impulsive or Impact Noise
Occupational Exposure Limits (OELs) for impulsive or impact noise exposure in the workplace are recommended as follows to protect against noise-induced hearing loss.
OELs for impulsive or impact noise
In the case that total frequency of exposure to impulsive or impact noise is at or below 100 times a day, the peak sound pressure level shown in Fig. VI-1 is recommended as the OEL corresponding to the duration of impulsive or impact noise explained in "3. Measurement method".
In the case that total number of exposures to impulsive or impact noise is above 100 times a day, the sum of the peak sound pressure level in Fig. VI-1 with the adjustment value in Fig. VI-2 to cerrect the difference of exposure frequency is recommended as OEL. At or below these limits, NIPTS is expected to be below 10 dB at or below a frequency of 1 kHz, below 15 dB at 2 kHz, and below 20 dB at or more than 3 kHz after more than 10 years of impulsive or impact noise exposure in most workers.
Applicable noise
These OELs are applicable to impulsive or impact noise only. In the case of mixed exposure to both impulsive or impact noise and continuous or intermittent noise, both OELs should be satisfied.
Measurement method
Impulsive or impact noises are classified by their oscilloscope-measured wave forms into two groups, as shown in Fig. VI-3 (A) and (B) . In Fig. VI-3 (A) , A duration is defined as the duration between TO and TD. In Fig. VI-3 (B) , B duration is defined as either the duration between T0 and TD ' if no reflection sound exists, or the sum of durations between T0 and TD' and between T0'' and TD'' if reflection sound dose exist. In the case of (B), TD' or TD'' is determined by the intersection of a wave envelope indicating sound pressure change with a line indicating a sound pressure 20 dB below peak sound pressure. This method is also applicable in the case of multiple reflection sounds. values subtracted 5 from the figures in Table VI-1.
OELs by A-weighted sound pressure level
Basically, frequency analysis of noise is recommended. In the case of evaluating with an A-weighted sound pressure level, OELs in Table VI-2 should be used.
Noise measurement
For measurement methods, refer to 'Japan Industrial Standard (JIS) Z 8731-1999 Acoustics-Description and measurement of environmental noise. effective resting duration, and OELs corresponding to the equivalent exposure duration should be taken from Fig. VI-1 or Table VI-1. The effective resting duration is the duration when the noise levels are below 80 dB.
(3) In the case that noise is analyzed by an octave band filter, OELs corresponding to exposure duration are the values at the left ordinate of Fig. VI-1 or in Table VI-1. In the case that noise is analyzed by a narrower band filter with a band width of 1/3 octave or less, OELs are the values at the right ordinate of Fig. VI-1 
Occupational exposure limit (OEL)
In the case that total frequency of exposure to impulsive or impact noise is at or below 100 times a day, OEL is 120 dB at A-weighted sound pressure level. In the case that total frequency of exposure to impulsive or impact noise is above 100 times a day, the adjustment value in Fig. VII-2 corresponding to frequency of exposure should be added for OEL determination.
Application
OEL is applicable to type B wave in Fig. VII-3 only.
Measurement method
Maximum values should be measured by the Sound Level Meter (JIS C 1509-1-2005) with use of an A-weighted frequency response and fast dynamic characteristic. 
VII-ii. Occupational Exposure Limit for Impulsive or Impact Noise by A-Weighted Sound Pressure Level
XIII. Occupational Exposure Limit for Ultraviolet Radiation
Occupational Exposure Limit for ultraviolet radiation with wavelengths between 180 nm and 400 nm is recommended to be 30 J/m 2 as effective irradiance integrated over 8 hours a day, to avoid acute effects on eye (cornea or conjunctiva) or the skin. This value is not applicable to laser radiation.
Effective irradiance is defined as follows: 400 nm Eeff = ∑ E λ S(λ) ∆λ λ=180 nm where: Eeff = effective irradiance E λ = spectral irradiance at exposure S(λ) = relative spectral effectiveness (Table XIII) ∆λ = band width
